Objectives. This study reports surgical experience of 72 cases of aortic dissection with intireal tear in the transverse aortic arch.
dissection, 72 (22.2%) had a tear in the arch, including 27 with acute dissection and 45 with chronic dissection. Mean age at surgery was 60.8_+ 14.1 years. The dissection was localized from the ascending aorta to the arch in 30 patients and extensive from the ascending aorta to the descending aorta in 42. Surgeries consisted of total arch replacement in 50 patients, hemiarch replacement in 20, and extra-anatomical bypass in 1. In the initial series, cardiopulmonary bypass for brain protection during arch procedures was selective cerebral perfusion (61 patients), but since July 1993 deep hypothermic circulatory arrest with retrograde cerebral perfusion was exclusively utilized (8 patients) .
Results. Hospital mortality was 9.7%, 11_ 1% of the patients who had acute dissection and 8.8% with chronic dissection. There has been no mortality since February 1993. The mean follow-up period was 51 _+37 months, and there were 3 late deaths. The 5 and 10 year survival rate was 85.3 +4.8 in all patients, 84.3_+ 8_9% with acute dissection, and 85.5 _+5.7% with chronic dissection. The 5 and 10 year survival was 79.8_+7.1 with extensive dissection, and 93.5 _+6.5% with localized dissection. During follow-up, 6 patients underwent subsequent aortic surgeries. The freedom from reoperation at 5 years and at 10 years was 91.4_+4.8% and 65.6_ 14.4%, respectively. In patients with acute dissection it was 92.3_+7.4% and 61.5.+ 25.6% at 5 years and 10 years, while with chronic dissection it was 87.0.+ 7.0% and 44.0.+ 17.3% at 5 years and 10 years, respectively (n.s.). The freedom from subsequent reoperation for the aorta in all patients was 91.4.+4.8% at 5 years and 10 years was 65.6+ 14.4%. With acute dissection it was 92.3_+7.4% at 5 years and 61.5_+25.6% at 10 years, while that with chronic dissection it was 91.3_+5.9% and 65.7_ 16.8% at 5 years and 10 years respectively (n.s.). The freedom from all reoperations with extensive dissection at 5 years and 10 years was 86.6%_+7.2% and 34.2_+ 17.3%, respectively, moreover, the freedom from reoperations with localized dissection at 5 and at 10 years was 90.0+9.5% (n.s.). However, the freedom from subsequent aorta reoperation with extensive dissection at 5 years and 10 years was 86.6_+7.2% and 56.0_+ 16.0%, respectively, while with localized dissection it was 100% at 10 years (P<0.01).
Conclusion.
Early and late surgical result for arch dissection was satisfactory with a surgical principle of resecting the aortic segment that contains the initial intimal tear and graft replacement_ [Eur J Cardiothorac Surg (1996) 10: 784-790]
Introduction
Aortic dissection is widely classified on the basis of ascending aortic involvement (Stanford type A) or freedom from involvement (type B). However, this classification is not always related to surgical strategies of excluding the aorta with intimal tear. On the other hand, DeBakey's classification has been accepted as a gold standard in treating patients with aortic dissection, but again no consideration is given to aortic dissection when the intimal tear is located in the transverse arch. This study reports our surgical experience of 72 cases of aortic dissection with intimal tear in the transverse aortic arch. and extensive from the ascending aorta to the descending aorta in 42 (10 females and 32 males) (Fig. 1) . Patients who had undergone previous proximal or distal aorta replacement with a residual arch tear, such as that often seen in Marfan syndrome, were categorized in the extensive arch dissection group_ Significant aortic regurgitation was demonstrated in eight patients and Marfan stigmata were found in eight patients. The true lumen was compressed by the enlarged false lumen and narrowed at the brachiocephalic artery in three patients, at the subclavian artery in three, at the abdominal aorta in three, at the arch in two and at the carotid artery in one. Thirteen patients, including seven patients with Marfan syndrome, had undergone 16 preceding aortic operations, which included aortic valve replacement in two patients, Bentall's operation in five, replacement of the ascending aorta in two, the descending aorta in three and the abdominal aorta in four. The main principle of surgery for arch dissection was resection of the aortic segment that contained the intimal tear and graft replacement, except for one patient wo had patch repair. Operations consisted of total arch replacement in 50 patients, hemi-arch replacement in 20, patch repair in 1 and extra-anatomical bypass in I. Individual arch vessels were reconstructed with separate small grafts, which were anastomosed to the main graft in 40 patients and repaired as an arch cuff in 10 ( Table 2 )_ Among 43 patients with extensive arch dissection, 35 patients underwent total arch replacement, 6 hemi-arch replacement, 1 patch repair, and 1 extra-anatomical bypass. On the other hand, in 29 patients with localized arch dissection, 15 patients underwent total arch replacement, and 14 hemi-arch replacement (Fig_ 2). Concomitant operations were aortic valve resuspension in 12 patients, Bentall's operation in 4, aortic valve replacement in 1, elephant trunk procedure in 4, aortocoronary bypass in 1, replacement of the descending aorta in 1, tricuspid valve repair in 1, and abdominal Y grafting in 1 (Table 3 ). In the initial series, the cardiopulmonary bypass technique for brain protection was mainly selective cerebral perfusion with moderate or deep hypothermia (61 patients), but since July 1993 deep hypothermic circulatory ar- 
Others Extensive DAA 0 6 (2) 2 (1) Localized DAA 1 (1) 13 (1) rest with retrograde cerebral perfusion has been exclusively used to simplify operative procedures ( Table 4 ). The midsternaI approach was used in all patients, except three with left thoracotomy. Cardiopulmonary bypass was accessed through femoral arterial cannulation in 41 patients and ascending aortic cannulation in 31 patients. Statistical analytical methods included the chi-square test and Fisher's exact test. Long-term survival was statistically analyzed using Kaplan-Meier's method and significance was assumed at the P<0.05 level.
Results
There was a hospital mortality rate of 9.7% (7/72), 11.1% (3/27) of the patients who had acute dissection, including one patient with a ruptured dissection, and 8.8% (4/45) of the patients with chronic dissection (not significant). Five patients (11.9%) with extensive dissection and two (6.6%) with localized dissection died during hospitalization (not significant). There has been no mortality since February 1993. The causes of death were low cardiac output syndrome and resultant multi-organ failure in two patients, rupture of the descending aorta in two, low cardiac output syndrome and bleeding in one, acute myocardial and brain damage in one, and graft versus host reaction caused by fresh blood transfusion in one. Postoperative cerebral complications occurred in 11 patients (15.3%). Two patients had a stroke with some permanent disability and 9 had transient neurologic deficits. All strokes occurred before 1993. The mean follow-up period was 51 _+37 months, range 3-132 months, with an accumulation of 2701 patientsmonths. There were three late deaths. One patient died after replacement of a residual dissecting aneurysm of the thoracoabdominal aorta 12 years after arch surgery. The other two patients died of cerebral infarction 4 years after the operation (1), and lung cancer 2 years after (1). The 10-year survival rate was 85.3 .+4.8 in all patients (Fig. 3) , 84.3+8.9% in patients with acute dissection, and 85.5_+5.7% in patients with chronic dissection (Fig. 4) . The 10-year survival rate was 79.8-+7.1% in patients with extensive dissection and 93.5 .+6.5% in patients with localized arch dissection (Fig. 5) . No significant difference was detected between not only the acute and chronic, but also the extensive and localized, groups.
During follow-up, 10 patients underwent further surgery. Six patients, including three Marfan patients, underwent eight subsequent operations for aortic lesions, consisting of replacement of the descending aorta in three, thoracoabdominal aorta in four, and abdominal aorta in one. All six patients were initially diagnosed as having extensive arch dissection. Four patients had redo-surgery, which included repair of anastomotic leakage in two, replacement of an infected graft in one, and pectoral muscle flap repair for mediastinitis in one. The freedom from any reoperation in all patients at 5 years and 10 years was 91.4.+4.8% and 65.6.+ 14.4%, respectively (Fig. 6) . In patients with acute dissection it was 92.3-+7.4% and 61.5 ___25.6% at 5 years and 10 years, while in patients with chronic dissection it was 87.0-+7.0% and 44.0_+17.3% at 5 years and 10 years, respectively (Fig. 7) . The freedom from subsequent reoperation on the aorta in all patients was 91.4_+4.8% at 5 years and 65.6_+ 14,4% at 10 years (Fig. 8) .
In patients with acute dissection it was 92.3_+7.4% at 5 years and 61.5_+25.6% at 10 years, while in patients with chronic dissectiQn it was 91.3+5.9% and 65.7.+ 16.8% at 5 years and 10 years, respectively (Fig. 9) . No significant difference was detected between the acute and chronic I   ,  ,  ,  I  ,  ,  ,  I  ,  ,  ,  I  ,  ,  ,  I  ,  ,  ,  I  ,  ,  ,  I groups regarding the reoperation-free ratio. The freedom from any reoperation in patients with extensive dissection at 5 years and 10 years was 86.6_7.2% and 34.2_+17.3%, respectively, whereas the freedom in patients with localized dissection at 5 and at 10 years was 90.0-+9.5% (Fig. 10 ). There was also no statistically significant difference between the extensive and localized groups. However, the freedom from subsequent reoperation for the aorta in patients with extensive dissection at 5 years and 10 years was 86.6_7.2% and 56.0_ 16.0%, respectively, while in patients with localized dissection it was 100% at 5 and at 10 years (P<0.01) (Fig. 11 ).
Discussion
The most commonly used classification systems of aortic dissection are the one proposed by DeBakey and associates [4] , which refers to the location of the intimal tear, and the one proposed by the Stanford group [14] , which refers to the extension of the dissection. Although they have the great advantage of being very simple, both classifications ignore the aortic dissection originating in the transverse arch. The clinical significance of distinguishing the arch tear dissection as a distinct entity is clear because special consideration for brain protection is required in the aortic arch procedures_ Aortic dissection with arch tear was classified by Dubost, Guilmet, and Soyer [8] in 1970. We have modified DeBakey's classification by adding a subgroup of aortic dissection with arch intimal tear and further subdivided it into two groups, extensive and localized types. Surgical experience and pathologic studies have demonstrated that in about 10-20% of the patients the dissection originated from an intimal tear located on or extending to the transverse arch [2, 3, 12, 15] . The incidence in our surgical experience for arch dissection was 22% and female dominance was detected in the subgroup of localized arch dissection. Precise diagnosis of the location of the intimal tear is prerequisite for surgery in aortic dissection. Although angiography and ultra-fast computed tomography are potential diagnostic devices, the preoperative diagnosis of the site of the intimal tear is sometimes difficult or misleading. Intraoperative echocardiography, transesophageal or direct scanning, has proved to be an indispensable diagnostic modality for assesssing intraoperative or postoperative hemodynamics instantaneously. In the field of aortic surgery, intraoperative echography provides a precise mapping of the complex anatomical relationship between the true and false lumen of the aortic dissection, moreover it provides information about the nature of the aortic wall, such as calcification, atherosclerotic ulcerations or plaque, and mural thrombi in aortic aneurysm [16] . We always perform intraoperative direct scanning echography before aortic cannulation and during cooling of patients. Some controversies existed regarding indications for arch replacement in patients with arch dissection, because of suboptimal surgical results after arch replacement [10, 14] . However, recent progress in aortic surgery has encouraged indications of aortic arch replacement in arch dissection without increasing surgical mortality rates [2, 3] . Heinemann and associates [11] reported that hospitality in patients with acurate arch dissection has descreased from 20% to 10% over the past 4 years. In the reports by Lansman and associated [12] , and Bachet and associates [2] , the early mortality rates in patients with acute arch dissection who underwent arch replacement were 21% and 34%, respectively. In comparison, our early mortality rate in acute arch dissection was more favorable at 11% and was better than that of DeBakey type I cases in our series, because patients with acute arch dissection had less tendency to have coronary and aortic valve problems than patients with acute DeBakey type I dissection. Although a report from the Stanford group stated that there was no statistical difference in mortality and reoperation rates, whether the intimal tear was completely resected or not [10, 14] , we believe that the surgical principle in treating aortic dissection is resection of the aortic segment that contains the initial intimal tear and graft replacement, especially in acute dissection.
The first successful resection of the aortic arch was achieved by DeBakey and associates in 1995 (4), who used high flows, normothermia, and selective cerebral perfusion and gained a limited success. Subsequently, the technique of profound hypothermia and circulatory arrest in aortic arch replacement was introduced by Griepp and associates [9] . Although the technique of selective cerebral perfusion was the only modality in our earlier series, the technique of deep hypothermic circulatory arrest with retrograde cerebral perfusion for arch replacement is particularly advantageous for arch dissection [13] : as minimal dissection is required, the arch can be explored without cannulating the arch vessels, cerebral embolization of the debris (thrombi or air) is avoided, and it may prolong the safe limit concerning the duration of circulatory arrest by cooling and possible retrograde perfusion of the brain [ 17] . In eight recent patients who underwent arch replacement using deep hypothermic circulatory arrest with retrograde cerebral perfusion, there was neither mortality nor stroke.
Regarding the technical details of reconstructing arch vessels during arch replacement, individual reconstruction of the arch vessels using small (8 or 10 mm) grafts has some advantages over sewing the arch cuff directly to the main graft. Anastomotic bleeding from a long suture line in arch cuff anastomosis, especially in the back of the arch, is usually difficult to control and the incidence of late false aneurysm formation is considered to be higher. In addition, cerebral reperfusion can be started earlier during deep hypothermic circulatory arrest after anastomosis of the left common carotid artery before the brachiocephalic artery than after the cuff anastomosis technique.
Little has been published regarding the long-term follow-up of patients with arch dissection [1, 5, 7] . Lansmann and associated [ 12] followed patients with arch dissection after surgery for 40.2 patients-years, average 25_8 months, with a long-term survival rate of 69%. Our late results demonstrated long-term survival similar to that of other dissections. There was no difference in long-term survival or reoperation-free ratio between the two groups of patients with acute dissection and chronic dissection_ Freedom from subsequent operation for the rest of the aorta was 56% in patients with extensive arch dissection. However, no patients with localized dissection required subsequent operation for the aorta in the follow-up. Bachet and associates [2] demonstrated that none of 19 patients who underwent arch replacement required reoperation. By contrast, 14 among 93 patients who underwent ascending aorta replacement for acute type A dissection had recurrent dissection or aneurysmal dilatation in the area of persistent dissection. Close observation anticipating late dilatation of the remnant false lumen after arch replacement is indispensable for patients with extensive arch dissection, especially in those with Marfan syndrome.
Dr. G. Pettersson (Copenhagen, Denmark): While people are preparing for discussion, I would like to ask you about your technique for antegrade perfusion and brain protection and your views on retrograde brain perfusion.
Dr. OkRa: We cannulated the aorta from inside the arch with a balloon tip catheter to the brachiocephalic artery and the left common carotid artery and, if the patient had a severe lesion on the left carotid, we cannulated the left subclavian artery as well, and we also eannulated a patient who had a dominant left vertebral. Flow was between 300 and 500 ml/min, and we measured the superficial temporal artery pressure, ranging between 30 and 50. Dr. G. Pettersson: I noticed that you pay very much attention to the entry and to the resection of the entry. I think that might be somewhat controversal.
Dr. OkRa: We usually look inside the arch, looking very carefully to search for the entry, and if it is going down to the arch, we would not hesitate to replace the arch.
